Abstract
Introduction
Carbon dioxide gas as an injection fluid into oil reservoirs has been a recognized well and tested as Enhanced Oil Recovery (EOR) method, because 2 CO dissolves easily into oil, it reduces oil viscosity, and it can extract the light components in oil at sufficiently high pressure, and it can become miscible with oil at very low pressure [1] . The injection of carbon dioxide for secondary and tertiary oil recovery has received considerable attention in the industry because of its high displacement efficiency and relatively low cost [2] . It appeared in 1930's and had a great development in 1970's. Over 30 years' production practice, 2 CO flooding has become the leading enhanced oil recovery technique for light and medium oil. It can prolong the production lives of light or medium oil fields nearing depletion under waterflooding by 15 to 20 years, and may recover 15% to 25% of the original oil in place [3] . Experience gained from 2 CO flooding worldwide indicates that enhanced oil recovery by using 2 CO as injection gas may result in additional oil ranging from 7 to 15 % of the oil initially in place [4] . 2 CO flooding process involves very complicated phase behavior, which depends on the temperature, pressure and fluids properties of a certain reservoir. Many factors have been found contributing to the oil recovery in 2 CO flooding. These mainly include: Low interface tensions, Viscosity reduction, Oil swelling, Formation permeability improvement, Solution gas flooding, and Density change of oil and water [3] . In the case of viscosity, there is a reduction for carbon dioxide as long as temperature increases. Appreciable solubility of carbon dioxide in the crude oil reduces its viscosity. At low temperatures, viscosity reduction for light oils is more than heavy oils [5] . Screening criteria have been proposed elsewhere for selecting reservoirs where 2 CO may sustain or increase the production of oil. They estimate that upwards of 80% of oil reservoirs worldwide might be suitable for 2 CO injection based upon oil-recovery criteria alone. Moreover, the process is widely applicable in both sandstone and carbonate formations with a variety of permeabilities and thickness of hydrocarbon bearing zones. The major factors limiting 2 CO injection as an oil recovery process have been availability of 2 CO and the cost to build pipelines to carry 2 CO into oil producing regions [6] .
Over 8,000 Alberta pools were first screened for 2 CO -flood suitability, and pertinent reservoir properties were used for the remaining 4,729 pools to calculate oil recovery. The predicted recoveries for all pools ranged from 1.2-13.9%, 6.3-18.7% and 11.8-27.1% at breakthrough and 0.25 and 0.5 Hydrocarbon Pore Volume (HCPV) injection respectively. These values compared well to an average of 13% incremental oil recovery from the field experience of 2 CO floods [7] .
However, before a further decision be made on whether to apply it in field or not, generally some laboratory experiments need to be done, one of them being a series of slim tube experiments. The experiments on slim tube will indicate the microscopic efficiency of the injection process. They need to be combined with the macroscopic sweep efficiency and invasion efficiency obtained from the reservoir characterization, to have an overall injection efficiency of the process. Since experiments on slim tube at high pressures are costly, time consuming and prone to experimental failures, it is of great interest to simulate those experiments with a numerical simulator. With a numerical simulator, besides the economic and time benefits, we could also calculate results on certain conditions, which otherwise would have never been possible with experiments due to technical constraints [1] . We took a laboratory study of 2 CO miscible flooding on one of the Iranian southern reservoir oil. From the slim tube generated and also data calculated finally by ECLIPSE TM software it was shown that viscosity reduction and oil swelling by 2 CO contributed to oil recovery. The viscosity showed an almost linear decrease with 2 CO concentration. The same study taken by R.K Srivastava et al. [8] has shown also a linear decrease of viscosity with 2 CO concentration.
Results and Discussion

The Preparation of Fluid Sample
Reconstitution of reservoir fluid is a crucial procedure. In fact, it is very difficult to get the representative fluid sample of a reservoir [3] . In this experiment, the separator oil and gas samples were combined to reconstitute the reservoir fluid. For the separator oil and gas samples, there are two important steps which may introduce errors: the sampling operation; and the reconstituting Gas-Oil Ratio (GOR). For the separator oil and gas samples, the most important parameter to reconstitute the reservoir fluid is the Gas-Oil Ratio [3] . Our recombination method was based on gas oil ratio. The reported field GOR has to be matched with the recombined sample. In this work the reservoir fluid has GOR of 105 cc/cc and separator pressure is 320 psia and separator temperature is about 80 o C. The recombination method involves Measurement of solution gas existed in separator oil, Measurement of oil formation volume factor of separator oil at specific working pressure (B o ), and Measurement of gas formation volume of separator gas.
First of all, we adjust the pressure of both oil and gas cells up to the predetermined working pressure. In this case the separator oil is taken to the PVT cell and increase the pressure up to 1000 psia and room temperature was about 32 o C. Then 50 cc of this oil is transferred to another cell and release the pressure to the standard condition and the following result was calculated, GOR sep = 24.91 cc/cc, B o at 1000 psia = 1.128 cc/cc The gas formation volume factor of gas cell was measured by same method, a specific volume of gas was transferred to a cell which has a volume of 368 cc and its pressure was about 230 psia and the result was, B g at 230 psia and 32 o C = 0.05929 cc/cc Therefore for 176cc oil at 1000 psia, 16346.713cc gas at standard condition is needed. This amount of gas is equivalent to 969.19cc at 230 psia.
This procedure associated with some errors and deficiency. Both oil and gas cell was stationary and the segregation of components would cause error. Second error was the temperature variation in location. The variation of temperature would make some condensate from separator gas which could be accumulated at bottom of the cell. We have error of existing air in lines, since we didn't have enough connections to make the lines vacuum.
Validity of Recombined Sample
The bubble point pressure of oil is an important property of oil that is sensitive to the GOR. So the better method to get eligible reservoir fluid is mixing the separator oil and gas samples to match the bubble point pressure. We calculated the bubble point pressure in room temperature and reservoir temperature. The room temperature was tested to see whether the prepared sample is single phase or not. And bubble point at reservoir temperature would confirm the prepared sample for validity with true reservoir oil. Also bubble point in some temperatures between room and reservoir temperature was measured to see its variation with respect to temperature increase. Table 1 shows the composition of oil and gas separator and also reservoir oil. Figure 1 and Figure 2 show the bubble point calculation base on PVT data shown in Table 2 and Table 3 . The corresponding measured bubble point pressure at reservoir temperature is about 2542 psia, which is very close to 2650 psia given by the field. Figures 3 in accordance with Table 4 shows that the bubble point will increase due to increasing of temperature and it is nearly linear in our study range (90 °F-217 °F).
Slim Tube Tests and Its Results
Since the establishment of Multi-Contact Miscibility (MCM) is a dynamic process, a dynamic experiment is required to demonstrate MCM behavior [9] . The slim-tube apparatus has historically been used as the dynamic means of miscibility determination or in the other word to determine the MMP. The MMP is the pressure at which the reservoir fluid is expected to develop multi-contact miscibility with 2 CO . It is the most important factor in flooding process and determines the reservoir operating pressure [3] . Figure 4 shows the high pressure slim-tube apparatus which is used in the present investigation.
For beginning we washed the slim tube and its lines by first vacuuming the lines and then injecting gasoline into lines. After that the gasoline was displaced with the oil sample at the pressure of 5000 psia and the slim tube became completely filled with the oil sample. Then 2 CO gas was charged to the drive gas cell and allowed to equilibrate at the temperature and pressure of the run. The drive gas was then displaced into the saturated glass-bead-packed coil using a mercury injection pump. The fluids flowed through the coil and the sight glass and then broke out at the ambient pressure and temperature. The produced gas and liquid were measured as a function of time using a gasometer and a calibrated collection vessel. The back pressure cell was also charged with N 2 and water in the working pressure of the test (5000 psia). The inlet pressure, outlet pressure, differential pressure, oil recovery and amount of gas released from oil were recorded. For each test final recovery was calculated and corresponding figures are shown through Figures 5 to 10. Table 5 represents obtained data from final recovery. The recovery of the 4900 psi displacement was 50.9 cc but as a matter of fact this value is lower than the 4500 psi recovery, and this would be in contradict with the theoretical concept that more pressure so more recovery. Consequently this recovery is less than what would be expected and so correction is necessary. In order to get better and smoother curve, this value was modified to the 51.9 cc with so called awareness. In fact, this correction introduces 50 psi that is not considerable respect to other errors in the work. Figure 11 illustrates the main graph for MMP evaluation. From this chart we can easily specify by quick-look that the MMP is more than 3400 psi and less 3500 psi. But the exact value is 3432 psi. The same study taken by Javadpour et al. [9] for eight systems of Iranian oil reservoir has shown an average MMP of 3887 psia.
Simulator Results
2
CO injection reduces the viscosity of oil and trend of viscosity reduction can be calculated with Darcy equation also [10, 11] . Using PVT apparatus we can find the viscosity reduction of oil and changing in Swelling Factor (S.F) in each step of pore volume injected. But because of the large number of calculations and also time consuming work we used ECLIPSE TM software for calculation of viscosity and swelling factor in different amount of gas added. Figure 12 and figure 13 show the output result of the software. In a report published by Reeves S.R.
[12] the optimized differential swelling factor in 2 CO flooding determined is 1.65 which confirms our estimation ( ) CO injection is mainly attributed to multicontact miscibility due to its low MMP in our case of study. (MMP reported by the instructor for separator gas recycled injection of this reservoir is about 5000 psia). 6. A comparison of MMP estimated by slim tube with MMP calculated by ECLIPSE TM software shows low error (-1.63%). So in the cases that we have a short time only a test can be run by slim tube instead of several runs and the data obtained give to the computer simulator in order to calculate MMP. 7. The results of our study with the results of other gas injection projects (such as N 2 , methane, and etc.) can be used as a basic input parameter for the economic feasibility study and also a decision can then be made whether to implement or abandon the prospective project or which type of injection lead to a better performance. 
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